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The dugong Dugong dugon is a large herbivorous marine mammal. It is the only living member of the family Dugongidae and is listed as vulnerable to extinction in the Red Data Book of Threatened Species (IUCN 1996) , published by the IUCN (the World Conservation Union).
At present the dugong is not listed as endangered or vulnerable across Australia under the Endangered Species Protection Act 1992 (Cwlth). In late 1997, the Endangered Species Scientific Subcommittee advising the Commonwealth Minister for the Environment concluded that "while the Dugong meets IUCN (1994) Red List Criteria for 'Vulnerable' on a world-wide basis, there is insufficient evidence that the species currently meets IUCN Red List Criteria for 'Vulnerable' as far as the Australian population is concerned."
The dugong is protected under Queensland's Nature Conservation Act 1992 and listed under schedule 3 of the Nature Conservation (Wildlife) Regulation 1994 as 'vulnerable wildlife' in Queensland. The dugong is also protected under the National Parks and Wildlife Conservation Act 1975 (Cwlth) and is protected under other state/territory legislation where the species occurs.
Historical overview
Many indigenous people of northern Australia, including the Torres Strait, give the dugong great cultural and dietary significance (Smith and Marsh 1990; Johannes and MacFarlane 1991) . For indigenous people dugongs have high cultural, social and spiritual significance, and great significance for cultural celebrations.
Non-indigenous people have also used the dugong as a food resource and, early this century, exploited the dugong on a commercial scale in north and south-east Queensland. For example, a commercial fishery operated in north Queensland based at Hopevale (Smith and Marsh 1990) , while Peterken (1994) reported that commercial dugong fisheries operated in south-east Queensland. These fisheries began perhaps as early as the 1830s at Amity, North Stradbroke Island and as early as 1847 elsewhere in Moreton Bay.
Biological review
Taxonomy
The dugong is a member of the Order Sirenia (seacows) and the only living member of the Family Dugongidae. The other members of the Sirenia are the three species of manatee of the genus Trichecus. Sirenians are descended from terrestrial mammals that browsed in shallow grassy swamps during the Eocene epoch from 58 million years ago to 37 million years ago. The closest living relatives of the Sirenia are the elephants and hyraxes.
The dugong's closest relative, the giant Steller's sea cow Hydrodamalis gigas was hunted to extinction by sealers and fur traders in 1768.
Description
Dugongs have a long rotund body and a horizontal tail or fluke for propulsion. Adult dugongs reach lengths of more than 3m and weigh up to 420kg (Spain and Heinsohn 1975) . Pectoral fins or flippers are used in steering (Anderson and Birtles 1978) . Dugong eyes are set laterally and cover a field of view forward and to the sides. Dugong hearing is reported to be acute. Cows and calves communicate by producing 'chirps'. Sensory bristles cover the body.
Diet
Dugongs feed on seagrasses and have distinct preferences, which seem to be based on the nutritional quality of the seagrasses (Lanyon 1991 , Preen 1993 . Seagrass species of the genera Halophila and Halodule are favoured. Dugongs apparently optimise their diet by selecting food species that maximise digestible nutrients. This is achieved by selecting species that are more digestible and have higher nutrients (for example, nitrogen and carbohydrates/starch) and/or species that can compensate for grazing (Aragones 1997) . Marine algae are also eaten, but this may occur only when seagrass is scarce (Spain and Heinsohn 1973) or incidentally.
Examination of stomach and faecal samples from dugongs in more tropical areas of Australia shows that tropical dugongs do not deliberately forage on macro-invertebrates (Heinsohn and Spain 1974) . However, Anderson (1989) and Preen (1995b) have evidence that near the southern limits of their range in western and eastern Australia, dugongs deliberately forage for macro-invertebrates.
Feeding behaviour
Dugongs spend a large proportion of their daily activities feeding (Anderson and Birtles 1978) . Preen (1993) estimated their food consumption at 21-36kg of seagrass each day. Feeding trails are produced as dugongs uproot seagrass when feeding on some seagrass species. This type of destructive feeding may help to maintain diverse seagrass communities by favouring rapidly growing early pioneer species that are the dugongs' preferred food at the expense of slow growing but dominant species that are avoided by dugongs (Preen 1995a) . Recent research in Moreton Bay has shown that dugong grazing aerates the sediment and buries plant detritus, increasing both sulphate reduction and nitrogen fixation in the sediment. More nutrients become available for seagrass regrowth, elevating nitrogen and phosphate tissue content for future grazing (Perry 1998 ).
Dugongs visit seagrasses in shallow water mainly on a rising tide and feed until the ebb tide. Anderson and Birtles (1978) observed dugongs in Shoalwater Bay accessing inshore seagrasses in this way. Surfacing and diving behaviour depend on water depth, habitat type, and weather conditions. Marsh and Rathbun (1990) found the mean surface time of a feeding dugong was 2.62 seconds and the mean dive time was 1.34 minutes.
Reproduction and growth
The dugong is long-lived with a low reproduction rate, long generation time and a high investment in each offspring (Marsh 1995b) . The life span is approximately seventy years, with a pre-reproductive period of a least nine and sometimes as long as seventeen years in females. A female usually bears a single calf every three to five years, and the gestation period is about thirteen months.
Shallow waters such as on tidal sand banks (Marsh et al. 1984) and estuaries (Hughes and Oxley-Oxland 1971) are reported as sites for calving. Anderson (1981) suggested this may be a strategy to avoid shark attacks. The calf may suckle for at least 18 months and also feeds on seagrass soon after birth (Marsh et al. 1984) . Dugongs are not in continuous breeding condition all year round. A seasonal pattern of breeding activity occurs during the second half of the year in Queensland (Marsh 1995b) .
Dugongs have paired tusks, although generally they only erupt in males and old females. Marsh (1980) developed growth curves for male and female dugongs by estimating minimum age from the seasonal pattern of growth layer deposition in tusks. Marsh et al. (1984) suggest that male and female dugongs less than 2.2m long are immature, whereas dugongs over 2.5m are mature.
Genetics
Molecular techniques have been used to investigate the stock structure of dugongs (Tikel 1998) . Preliminary results indicate that dugongs from south-east Asia share no haplotype with dugongs from Australia suggesting that there is no genetic interchange between the two areas. Within Australia, the major influence on dugong genetic structure appears to be the former Torres Strait land bridge that acted as a periodic barrier to dugong movements during periods of low sea level. There are two major haplotype clusters, one that predominates in dugongs living west of Torres Strait and one that predominates in south-east Queensland. These haplotypes overlap in the Great Barrier Reef region. There is evidence of genetic structuring in the dugong populations that occur along the east coast of Queensland indicating low rates of female mediated gene flow. The low rate of gene flow may mean that successful recolonisation of a depleted area will be slow. Dugongs from Hervey Bay and Moreton Bay are at the end of the dugong's range in eastern Australia and have lower genetic diversity than dugongs from other parts of Australia that have been studied.
Interbreeding between neighbouring dugong populations on the east coast of Australia occurs at less than 5% of females per generation (Dani Tikel 1997 pers. comm.) . Genetic diversity is much greater in the northern group than in the southern.
A morphometric study by Spain and Marsh (1981) demonstrated that the shape and size of skulls of dugongs from Mornington Island, in the Gulf of Carpentaria, can be statistically separated from those in Townsville, approximately 1850km away by sea. These differences could be a result of genetic or environmental influences.
Habitat
Other members of the Order Sirenia, including the three species of manatee, all use fresh water to varying degrees. The dugong is the only herbivorous mammal that is strictly marine and has distinct morphological features, related to locomotion and to bottom feeding, which reflect its unique adaptation to shallow water marine environments. The dugong's highly specialised dietary requirements suggest that only certain seagrass meadows are suitable as dugong habitat (Lanyon 1991) . Major concentrations of dugongs along the Queensland coast occur in wide, shallow, protected bays and mangrove channels, and in the lee of large inshore islands (Heinsohn et al. 1979; Marsh et al. 1995) . These areas coincide with sizeable seagrass beds.
The dugong also uses deep-water habitats. Large numbers have been sighted in water more than 10m deep in several areas, including the Torres Strait Saalfeld 1988, 1991) ; the northern Great Barrier Reef region (Marsh and Saalfeld 1989; Marsh et al. 1993) , and Hervey Bay in southeast Queensland ). This distribution reflects that of deeper seagrasses such as Halophila spinulosa, Halophila ovalis, and Halophila decipiens (Lee Long et al. 1993) . Dugong feeding trails have been observed at depths of up to 24m in north-east Queensland (Lee Long et al. 1989) . At the higher latitudinal limits of their range, deep waters may be used by dugongs as a thermal refuge from cooler inshore waters (Anderson 1986; 1994b; Preen 1993) . Marsh (1995a) states the proportion of dugongs in these deeper waters is unknown because information on the relation between diving and surface times at different depths is lacking.
Movements
More than 50 dugongs have been tracked in separate studies using VHF or satellite transmitters. Most dugong movements occur within the vicinity of seagrass beds (Marsh and Rathbun 1990; Preen 1993 ). Although there is no evidence of large scale migrations, some individuals range widely. Data indicate that dugongs have ranges that span hundreds of kilometres of coastline. One individual moved 600km between two sites in the Gulf of Carpentaria (Preen 1995b) . Another travelled between two localities in the central section of the Great Barrier Reef three times in six weeks, a straight line distance of 140km (Marsh and Rathbun 1990) . Preen (Preen and Morissette 1997) fitted 10 dugongs with satellite transmitters in Shoalwater Bay in the Mackay-Capricorn Section of the Great Barrier Reef Marine Park. Four dugongs made substantial trips out of the Bay; two made return trips, one to Clairview, 100km to the north; and the other animals journeyed 400km south to Hervey Bay where their transmitters came off.
Distribution and numbers
The dugong's distribution spans more than 40 countries and includes tropical and subtropical coastal and island waters from East Africa to the Solomon Islands, between about 28°S and 29°N (Marsh and Lefebvre 1994) . The dugong's historical distribution broadly coincides with the tropical Indo-Pacific distribution of its food plants, the flowering seagrasses of the families Potamogetonaceae and Hydrochantaceae (Husar 1978) . The degree to which dugong numbers have dwindled and their range fragmented is not known. Over most of its global range outside Australia, the dugong is known only from incidental sightings, accidental drowning or anecdotal reports of fishers. Population estimates are available for the Arabian Gulf and eastern Red Sea (Preen 1989) .
A large proportion of the world's dugong population is found in northern Australian waters from Moreton Bay in the east to Shark Bay in the west (Marsh and Lefebvre 1994) . The minimum population estimate for Australia totals more than 85 000 dugongs, with about half this total found in waters adjacent to Queensland (Marsh and Lawler 1992; Marsh et al. 1993; 1994a, b; 1997a; Preen and Marsh 1995) . However, the population estimates are considered to be minimum estimates, not absolute estimates as aerial surveys are thought to underestimate dugong numbers. Correction factors for non-visible animals are probably conservative. In addition, some areas of suitable dugong habitat have not yet been surveyed. It is probable therefore that there are at least 100,000 dugongs in Australia.
Since the 1980s, regional populations have declined in the southern Great Barrier Reef and Hervey Bay and remained stable in the northern Great Barrier Reef region (Table 1) . Statistically significant population declines were found in the southern Great Barrier Reef and Hervey Bay.
The population changes in the northern Great Barrier Reef and the Wellesley Islands are not statistically significant and the population of the former area may be regarded as stable over the survey period. Although the decline from 1991 to 1997 at the Wellesley Islands is not significant, the power of the two surveys to detect a significant decline is weak (Marsh pers. comm.) .
The increase in numbers in Torres Strait is statistically significant but interpretation of this trend is uncertain as it is difficult to survey the whole dugong habitat since it extends into Irian Jayan waters. Dugongs are thought to move in and out of the survey area and the changes in population size in the survey area do not appear to represent real changes in the total regional population.
Interpretation of the apparent increase in Moreton Bay is also uncertain as a different aerial survey technique was used in 1995. However, numbers appear to have been maintained over the survey period at least. 
Direct threats
Direct threats to dugongs include incidental mortality in fishing nets, shark meshing, boat strike, indigenous hunting and illegal hunting and netting. Population simulations suggest that, with optimal combinations of life history parameters such as a low natural rate of mortality and no human-induced mortality, a dugong population is unlikely to increase by more than an average of 5 percent per year (Marsh et al. 1984) . Current population models suggest that a slight reduction in adult survivorship may cause a critical decline in a dugong population.
Mesh nets: Accidental entanglement in mesh nets is a documented cause of dugong mortality (Heinsohn et al. 1976 ). In the 1980s, there were several well publicised incidents in which dugongs were killed in nets in Hervey Bay, including one incident in which an estimated eight dugongs were killed in a foreshore set net. However, the number of dugong deaths reported from Hervey Bay declined after a change to the Fisheries Regulation, including a requirement to use lighter mesh nets. Collation of data on the incidence of dugong by-catch in commercial fisheries has not been attempted.
Shark meshing: In response to a number of fatal shark attacks at local beaches, the shark bather safety program was introduced in Queensland in 1962, using a mixed strategy of fishing nets and baited drumlines. Since it began, an average of 16 dugongs per year have died in shark nets, most in the first few years of netting.
In recent years, changes to shark control activities, including greater use of drumlines, has decreased the level of dugong mortality. Since 1995, fewer than two dugongs per year have been captured in shark nets in Queensland.
Boat strike: Dugong mortality has also resulted from boat strike. Dugongs are at risk from boat strike when feeding in shallow inshore waters, particularly in areas where fast boats are used.
Indigenous hunting:
The highest level of indigenous hunting occurs in Torres Strait, where a large annual catch occurs (see section 6.2 below). This is the only area for which good data are available. However, other areas have much lower levels of hunting. Some indigenous groups in Queensland have volunteered to cease hunting dugongs where severe local dugong population declines have occurred. In response to the declining dugong population, the Great Barrier Reef Ministerial Council recently agreed not to issue any permits for indigenous hunting in the southern Great Barrier Reef region.
Illegal hunting and netting: The level of illegal hunting and netting is not known but may have serious impacts.
Indirect threats
Indirect threats to the dugong include mortality from disease, stress, harassment and habitat loss. There is some understanding and documentation of the natural and humaninduced impacts on seagrass habitat, although discriminating between natural and human-induced changes in seagrass abundance and distribution is often difficult. Little information exists on disease, stress and harassment of dugongs.
Harassment: Harassment may be a threat to dugongs (Marsh and Rathbun 1990) if the encroachment of vessels and people disrupts the normal movement or behaviour of dugongs. Dugong watching from boats occurs in Pumicestone Passage, Moreton Bay and Hinchinbrook Channel on a casual basis incidental to general tourism activities.
Habitat loss: Diebacks of seagrass communities have been documented in the Torres Strait, Hervey Bay, Great Sandy Strait and Moreton Bay, although the causes remain uncertain (Johannes and MacFarlane 1991; Preen et al. 1993; Preen and Marsh 1995; Thorogood 1996) . Natural events such as cyclones and floods can cause extensive damage to seagrass communities through severe wave action, shifting sand, adverse salinity changes and light reduction (Heinsohn and Spain 1974; Kenyon and Poiner 1987; Preen et al. 1993 ). Preen and Marsh (1995) state that the loss of 1000 sq km seagrass habitat in southern Hervey Bay has had a significant effect on the dugong population. This habitat loss has been attributed to an extended period of reduced light conditions caused by a persistent plume of turbid water that resulted from the floods and the resuspension of sediments caused by cyclonic seas (Preen et al. 1993 ).
Seagrass ecosystems are highly sensitive to human impact (Fonseca 1987; Shepherd et al. 1989) . Factors implicated in the degradation of seagrass communities include mining and trawling (Silas and Bastion Fernando 1985) , dredging, worm (Marphysa spp) digging, inland and coastal clearing, and land reclamation. The latter activities cause an increase in sedimentation and turbidity, which leads to degradation of seagrasses through smothering and lack of light. Trawling in most seagrass beds is now prohibited under Queensland fisheries legislation. Other threats include herbicide runoff, input of sewage detergents, heavy metals, hypersaline water from desalination plants and other waste products. Kirkman (1978) and Thorogood (1996) have identified a pathogen in south-east Queensland that caused declines in seagrass communities worldwide and in western Australia. This pathogen, Labyrinthula spp., is commonly associated with seagrasses suffering from 'wasting disease'. Labyrinthula is also thought to occur naturally in healthy seagrass communities and probably does not significantly damage plants growing under optimal conditions (Vergeer and Den Hartog 1994) . The seagrass species most affected in southeast Queensland is Zostera capricorni, which is not favoured by dugongs (Preen 1995b ).
Regional status
Aerial surveys have been conducted since 1974 along much of the Queensland coast as a part of continuing studies monitoring the distribution and abundance of dugongs in Australian waters. Dugong densities when measured at the spatial scale of aerial survey blocks (hundreds of square kilometres) are generally low, (less than 1 dugong per sq. km) (Marsh et al. 1994a ). The mean size of a group of dugongs on survey transects is generally between 1.3 and 2.1 animals (Marsh and Sinclair 1989) . Large herds of dugongs are common in Hervey Bay/Great Sandy Strait, Shoalwater Bay, Torres Strait, western Gulf of Carpentaria, southeastern Gulf of Carpentaria and Hinchinbrook (Preen pers. comm.) . Where they are common, dugongs are often gregarious.
Wellesley Islands and the Gulf of Carpentaria coast of Queensland
Aerial surveys were conducted in the 1970s using a shoreline survey technique that identified inshore dugong habitats and provided minimum uncorrected counts (Heinsohn and Marsh 1977; Marsh et al. 1981) . These surveys indicated that the area around the Wellesley Islands was the most important dugong habitat along the Queensland coast of the Gulf of Carpentaria. They also showed that the movement of dugongs in this area was seasonal, with a higher proportion of the total number of dugongs sighted closer to the southern Wellesley Islands (between Mornington Island and Point Parker) in November than in April ).
The Wellesley Island region was re-surveyed in December 1991 (Marsh and Lawler 1992a) . The survey indicated that dugong numbers were high in shallow waters less than 3m deep, corresponding to the findings of surveys by CSIRO and the Department of Primary Industries, which suggested that most seagrass beds in this region also occur at depths of less than 5m.
The estimated dugong population in this region in December 1991 was 4067 ± 723 animals. The region supports Queensland's third largest population of dugongs and is among Australia's top six dugong habitats.
The area was re-surveyed in December 1997. However, this survey also included other coastal waters in the Gulf. The estimated population for the Wellesley Islands region was found to be 2648 ± 524 dugongs. The difference from the 1991 survey is not statistically significant. Over the whole survey region, most dugongs were found in the Wellesley Island area, confirming that this is the most important dugong habitat in the Gulf.
Commercial mesh netting is believed responsible for a number of dugong deaths in the Gulf, but few details are available because of surveillance and enforcement difficulties due to the remoteness of the area.
The dugong is hunted by the residents of Mornington Island ) and coastal communities in this region. Marsh et al. (1981) estimated that about 40 dugongs a year were killed by indigenous hunters at Mornington Island in the late 1970s. Indigenous take by other Gulf of Carpentaria communities (e.g. on the western coast of Cape York Peninsula) is unknown. Human-induced impacts on seagrass habitat are probably slight at present. The level of dugong mortality from mesh netting in this region is unknown.
Torres Strait
Torres Strait supports the largest known population of dugongs in the world. This area was surveyed quantitatively in November 1987 , February 1988 , November-December 1991 (Marsh et al. 1997a ) and November 1996 (Marsh et al. 1997b) . Dugong density was highest in the seagrass beds around Badu Island and extending north across Orman Reef around Buru Island and east to Gabba Island. The minimum dugong population estimate for the region in 1991 was 24 225 ± 3276 dugongs, making Torres Strait the most important dugong habitat in Queensland. This estimate was significantly higher than the corresponding estimate of 12 522 ± 1487 dugongs in 1987. The difference is too great to be explained by natural increase. It is also unlikely to be due to the differences in sighting conditions between the two surveys (conditions were slightly worse in 1991) or to the change in the availability correction factor. The estimate has since increased to 27 881 ± 3126 in 1996. Marsh et al. (1997a) suggested that migration from the Irian Jaya coast was the most probable explanation for the increase, which was relatively greater along the Papuan coast and in southern and western Torres Strait than in the remainder of the survey area. Alternatively, movements of dugongs within Torres Strait during the survey period could have resulted in a changed population estimate.
Dugongs are hunted by both the Australian and Papua New Guinea communities in Torres Strait. The dugong catch by the Australian communities in Torres Strait Protected Zone was estimated to be approximately 1000 animals in 1991 (Marsh et al. 1997a ). The highest catches were landed at Boigu (533 dugong), Badu (273 dugong) and Mabuiag (204 dugong). These communities are closest to the areas of highest dugong density. The estimated annual catch for 1993 and 1994 was 1226 and 860 dugongs respectively (Australian Fisheries Management Authority 1994; .
The Papua New Guinea communities take by indigenous hunting targets a common stock within Australia. The current level of harvesting by Papua New Guinea hunters is unknown. Research on life-history parameters commenced in north-western Torres Strait, the area of greatest dugong density, in October 1997.
Anecdotal reports (Johannes and MacFarlane 1991) suggest there was a major dieback of seagrasses in Torres Strait in the mid-1970s. Nietschmann (1984) also reports that seagrasses were over-grazed in Torres Strait in 1976-77.
The cause of the 1970s dieback is unknown. Islanders blame a major oil spill from the grounding of the Oceanic Grandeur near Thursday Island in 1970. Nietschmann and Nietschmann (1981) observed that wati dangal (lean dugongs with poor-tasting meat) were quite common in Torres Strait during this period. The proportion of pregnant dugongs sold to Daru market was very low in the late 1970s but increased in the early 1980s (Marsh 1995b) . The seagrass dieback and subsequent recovery is a plausible but unproven cause of these changes in dugong condition.
The CSIRO Division of Marine Research found evidence of an extensive recent seagrass dieback in an area between Boigu and Buru Islands in 1991-92. While there was an abundance of sea urchins in this area, CSIRO concluded they were unlikely to be the cause of the dieback (Lee Long et al. 1994) . Flooding from the Mai River system in Papua New Guinea could be implicated in the dieback.
Human-induced influences on the dugong habitats of Torres Strait are likely to be slight at present. The preliminary results of the Torres Strait baseline study suggest that most of the sediment from the Fly River delta is deposited close to the Papua New Guinea coast, away from the most important dugong areas (Harris 1990 ). The baseline study also measured heavy metal concentrations in various dugong organs such as liver and reported that the concentrations of cadmium, arsenic and selenium in some internal organs exceed the guidelines set by the National Health and Medical Research Council for foods such as beef.
Northern Great Barrier Reef
This region, Cape York to Cooktown, was surveyed in 1984 Cooktown, was surveyed in , 1985 Cooktown, was surveyed in , 1990 and 1995 using standard techniques. In 1995, the survey resulted in a population estimate of 8190 ± 1172 dugongs (Marsh and Corkeron 1996) for the entire region, compared with 10 471 ± 1578 dugongs in 1990 (Marsh et al. 1993 ). This difference is not statistically significant, suggesting that dugong numbers are being maintained in the northern Great Barrier Reef.
The dugong tends to occur in inshore waters throughout the region. Extensive deep-water seagrass meadows are also used, especially in Princess Charlotte Bay and in the Starcke River area (Lee Long et al. 1993) . Dugongs have also been sighted on some midshelf reefs.
The Cape York to Cooktown region supports the most important dugong habitat within the Great Barrier Reef Marine Park, and one of the most important in Australia. This region has the largest proportion of seagrass meadows in the Great Barrier Reef. 
Southern Great Barrier Reef
Aerial surveys were conducted in the area from Cooktown to Gladstone during 1986 Gladstone during , 1987 Gladstone during , 1992 Gladstone during and 1994 . Those surveys show that the number of dugongs in the region has declined significantly over the past eight years, from an estimated 3479 ± 459 in 1986-87 to 1682 ± 236 in 1994 (Marsh et al. 1995: 61) .
The decline was most serious in Edgecumbe Bay, the waters from Cleveland Bay to Edgecumbe Bay, Ince Bay, Broad Sound and Rodds Bay.
In general, dugongs are sparsely dispersed throughout this region. The largest numbers of dugongs are found near Hinchinbrook Island, Upstart Bay, Cleveland Bay and Shoalwater Bay, the latter being the most important dugong habitat in the southern Great Barrier Reef. A major threat to dugong populations in this area is likely to be mesh net fishing.
The magnitude of this impact on dugongs depends on the strength and size of mesh net, the location of mesh nets and whether the fisher is able to attend the net. Preen and Morissette (1997) , using data collected by James Cook University, GBRMPA and QPWS, concluded that mesh nets were implicated in the deaths of 16 of 35 dugongs, carcasses of which were found south of Cooktown in 1996. As most dugongs in this region now occur in dugong protection areas (approximately 55% in Zone A DPAs and 10% in Zone B, Marsh pers. comm.), protection from mesh netting in these areas should lead to a substantial drop in numbers caught in nets. 
Hervey Bay and Great Sandy Strait
Surveys of this region in 1988 indicated that it supported a population of 2206 ± 420 dugongs In response to well publicised incidents of dugong drowning in mesh nets in this region in the 1980s, the Queensland Fisheries Management Authority, in co-operation with local fishers, introduced locally specific practices to reduce dugong mortality ). In response to the mortality of dugongs in 1992, seagrass surveys were repeated in early 1993. The survey confirmed that virtually all the seagrass from south-west Hervey Bay had disappeared . Information on dugong distribution, meteorological records and anecdotal data on fish catches indicate that this loss occurred after the floods and cyclones of February-March 1992. The flooding and cyclonic activity over a three-week period resulted in the loss of more than 1000sq. km of seagrass (Preen and Marsh 1993) . Various theories are proposed on factors that may have exacerbated the loss of seagrass from Hervey Bay, including pollution from sewage and agriculture, effect of prawn trawlers, and the turbidity and sedimentation associated with the flood and cyclone in early 1992.
Seagrasses in the Great Sandy Strait have declined since the 1970s (Thorogood 1993) . However, the area was not significantly affected by the 1992 events described above. Recent studies have identified the pathogen Labyrinthula spp. on seagrass in this area and conclude that the decline of seagrasses is attributable to a number of causes, including poor water quality and sedimentation (Thorogood 1993 ).
Moreton Bay
Scientists first noted large herds of dugongs in Moreton Bay in the mid 1970s. The animals were sighted on the sandbanks to the west of South Passage (Heinsohn et al. 1978) . Preen (1993) conducted aerial surveys of the eastern sandbanks area in 1990 and 1993 and concluded that it supported a minimum of about 600 dugongs. Surveys conducted during 1995 and 1996 found about 900 animals (Lanyon and Morrice 1997) . However, interpretation of this apparent increase is complicated as the survey technique was changed in 1995, so that the figures are not directly comparable. The population appears to be maintaining its size at least. It has been suggested that a real increase has occurred and that it was partly due to immigration of animals from Hervey Bay in 1992-93 and partly due to increase through reproduction (Lanyon and Morrice 1997) . Preen (1993) concluded that fishing operations in Moreton Bay probably have little impact on dugongs because most netting occurs in very shallow water, most nets are actively worked (as opposed to set nets) and the nets have weak mesh because the target species are small compared with more northern areas. He was aware of only one dugong being caught and killed in one of these nets during his twoyear study. Dugongs have drowned occasionally in shark nets at Point Lookout.
Dugong numbers in Moreton Bay were reduced as a result of the dugong oil industry, which operated from the mid-19th century until the 1940s (Peterken 1994) . Aboriginal people from Stradbroke Island traditionally hunted and netted dugongs in Moreton Bay. Preen (1993) found no evidence that boats adversely affected dugongs in the area around South Passage and concluded that this was probably because boat traffic was low. However, on the basis of historical records and anecdotal information, he surmised that dense boat traffic probably had displaced dugongs from the western part of the Bay.
Moreton Bay's seagrass communities may be adversely affected by nutrient levels and pollutants in discharges to the Bay, particularly on the western side. South-east Queensland is one of Australia's fastest growth areas. Already more than 60 percent of the population of Queensland lives within 160km of Brisbane. Much of the effluent from this population, as well as discharges from local industries, and run-off from gardens, roads and farms, ends up in the Bay.
Moreton Bay is also a focus for recreational activity in southeast Queensland. Maintaining the habitat quality for dugongs in Moreton Bay in the face of these increasing pressures will be a major challenge for dugong conservation in this region. The pathogen that causes wasting disease of seagrass communities was identified in Moreton Bay in the 1970s (Kirkman 1978) . The pathogen was recently found in samples of seagrass from Jacob's Well and Victoria Point (Thorogood 1996) .
Education and information
Some educational material exists in Queensland in relation to dugong conservation. This includes the following.
• The Great Barrier Reef Marine Park Authority produced a dugong brochure as part of a series of Reef Notes (1988) and a Dugong Information Kit (1996) . The CRC Reef Research Centre produced a brochure Dugongs in the Great Barrier Reef, the current state of research in August 1988. • In the late 1980s and early 1990s, the Department of Primary Industries produced general information leaflets, brochures, teaching information and a poster in relation to increasing public awareness on the biology and conservation of the dugong and its habitat. Interactive education and information programs are needed to increase the general public's awareness of the need to conserve dugongs.
Research and monitoring
Aerial survey of dugong populations in Australia began in 1976. For aerial survey purposes, the coastline adjacent to Queensland is divided into the following sectors: Gulf of Carpentaria, Torres Strait, northern Great Barrier Reef; southern Great Barrier Reef; south-east Queensland.
The fixed-width transect technique developed for surveying dugongs from the air provides a standardised estimate of minimum population size and produces density-distribution maps for monitoring trends in abundance over large spatial scales and over a long time period (Marsh 1995a) . In calculating the total population size of dugongs, corrections are made for dugongs that are visible but missed by observers (perception bias); for dugongs that are unavailable to observers because of water turbidity (availability bias); and fluctuations in sea state, glare and water turbidity. Estimates of dugong populations using this technique and modelling are considered conservative.
The life histories of dugongs have been deduced from the analysis of drowned, stranded or hunted specimens (Marsh 1995b) . For the past 30 years, information and data have been collected from stranded dead dugongs by a team based at James Cook University, Townsville. The Queensland Parks and Wildlife Service also collects information from stranded dugongs and maintains a database to store the information. The information collected by the Queensland Parks and Wildlife Service includes morphometrics, biological information detailing life history and information that seeks to establish the cause of death. The total number of animals sampled is statistically small for population modelling and is therefore limited in its use. However, it is the only available information and provides baseline data and direction for further research. Lack of suitable captive individuals means little is known about the dugong's physiology.
Movements of dugongs have been tracked using radio transmitters and satellite telemetry in Moreton Bay, Hervey Bay, Cleveland Bay, Shoalwater Bay, Hinchinbrook, Starcke and western Gulf of Carpentaria (Marsh and Rathbun 1990; Preen and Morrissette 1997) . Radio tracking and satellite telemetry provide point-source information over a relatively short period of up to 12 months (Marsh and Rathbun 1990) . Although the methods are expensive, they provide detailed information on the movements of dugongs. No large-scale mark-recapture studies have been undertaken with dugongs. The benefits of undertaking such studies, which would have to involve marking many animals to yield useful results, would have to be carefully evaluated against the risks of mortality due to capture stress.
Annual estimates of the catch in the Torres Strait fishery are made by the Australian Fisheries Management Authority (AFMA). AFMA supports catch reporting programs in Torres Strait, research on life history parameters and continued development of aerial survey techniques. An aim of the research is to assess sustainable catch levels for the Torres Strait dugong fishery. This recovery plan documents strategies required to achieve the protection and recovery of the dugong Dugong dugon in Queensland. The recovery plan addresses habitat degradation (particularly seagrass loss); incidental mortality from fishing; boating traffic; indigenous hunting; education and information; and research and monitoring.
Recovery plan for the conservation of the dugong
The Great Barrier Reef Ministerial Council at its 24th meeting on 14 August 1997 considered expert advice on the boundaries, types of nets and possible payments involved in restricting commercial fishing activities within critical dugong habitat. Taking into consideration this advice, Ministerial Council agreed to establish a two-tiered system of Dugong Protection Areas (DPAs). 'Zone A' DPAs represent the most significant dugong habitat, where mesh netting will not be permitted. 'Zone B' DPAs will be subject to rigorous safeguards in relation to mesh netting practices, and will be kept under on-going review to ensure protection of dugongs in these areas.
Further, Ministerial Council agreed that appropriate ex-gratia payments will be made to commercial fishers affected by the establishment of DPAs. 
Aims and objectives
Aim 1
To reduce threats to dugong populations, improve the status of groups that have declined, and maintain dugongs throughout their current range in Queensland without permanent declines. As a result of the above actions, to improve the status of the dugong so that it is no longer listed as vulnerable.
Objectives
• To protect dugong populations and areas of significant habitat by: -establishing dugong protection areas; and -incorporating measures in regional coastal management plans and integrated catchment management strategies that protect seagrass communities from the impacts of adverse landuse activities, coastal development and pollution.
• To minimise threats to dugong populations by: -modifying fishing practices and the shark control program to minimise incidental capture and mortality, especially in dugong protection areas; -encouraging boating practices that minimise incidental mortality of dugongs from boat strike; and -minimising displacement of dugongs caused by human activities.
• To co-operate with the Great Barrier Reef Marine Park Authority to improve the status of depleted dugong populations in the southern Great Barrier Reef and adjacent waters and to maintain the dugong populations in the northern Great Barrier Reef.
Aim 2
To balance the conservation needs of dugongs with traditional and cultural interests.
Objectives
• To ensure that the use of dugongs for traditional and cultural purposes is sustainable by promoting within Aboriginal and Torres Strait Islander communities an understanding of and commitment to the current conservation needs of dugongs.
• To develop joint custodial arrangements with representative Aboriginal or Torres Strait Islander bodies.
Aim 3
To promote community understanding and awareness of the conservation needs of dugongs.
Objectives
• To develop and expand education programs to foster public understanding of dugong biology, behaviour and conservation issues.
• To work with other agencies to ensure education and information strategies are developed to minimise dugong mortality.
Aim 4
To co-ordinate research and monitoring of dugong populations in order to promote more effective management.
Objectives
• To establish a statewide stranding program to enable better monitoring of impacts on dugong populations.
• To initiate a tagging program to better understand the longterm movements of dugongs.
• To obtain up to date knowledge of dugong populations through continuing aerial surveys at appropriate intervals throughout Queensland coastal waters.
• To obtain a better understanding of the interactions between landuse activities and dugong habitat.
Indirect threats
The maintenance of high-quality habitat is essential for dugong conservation.
Management approach
• The Queensland Parks and Wildlife Service will co-operate with the Department of Natural Resources in developing management plans for catchments where landuse activities adversely affect dugong habitat. These plans will include strategies to manage the level of freshwater flow, siltation and herbicide use. The Mary and Burnett River catchment areas, which affect Hervey Bay, are a high priority. The Fitzroy, Burdekin, Herbert and Johnstone rivers are also priorities for the development of catchment management strategies.
• 
• Amendments to the Fisheries Regulation 1995 have implemented the Great Barrier Reef Ministerial Council's decisions relating to mesh netting in dugong protection areas.
• The attached conservation plan requires live dugongs found entangled in mesh nets to be released immediately if they appear to be capable of recovery. If the dugong appears to be mortally injured or dead, the incident must be reported to the Queensland Parks and Wildlife Service.
• Reporting arrangements will incorporate and formalise the industry code of practice, developed and implemented by the Queensland Commercial Fishermen's Organisation, which outlines actions to enable fishers to minimise the potential for their operations to impact on dugongs.
Shark meshing
Shark meshing is being replaced with drum lines in many areas, but small numbers of dugongs are still being taken by shark nets in some areas.
Management approach
• Where bather safety is not reduced, shark meshing will be replaced by drumlines in areas where higher numbers of dugongs are caught.
• The Queensland Parks and Wildlife Service will obtain annual data on dugong mortality caused by shark meshing from the Queensland Boating and Fisheries Patrol.
• The attached conservation plan requires shark contractors to report to the Queensland Parks and Wildlife Service all dugongs caught in shark meshing. Where possible, these animals will be retrieved by the Queensland Parks and Wildlife Service for scientific analysis or other purposes.
Boating activity
Dugongs are at risk from boat strike and disturbance in areas where high boating traffic coincides with dugong habitat.
Management approach
• High-speed boat races will not be permitted within areas of State marine parks where dugongs might be adversely affected.
• The Queensland Parks and Wildlife Service will monitor the effects of boating traffic in areas used by dugongs and will introduce controls in marine parks (for example Moreton Bay Marine Park) or liaise with the Department of Transport to restrict speed limits where necessary outside marine parks.
• Special dugong areas have been designated in the Moreton Bay Marine Park in which restrictions on the operation of vessels apply.
Indigenous hunting
Indigenous hunting may be a significant threat to the recovery of dugong populations where they are depleted by the cumulative effects of habitat loss, incidental kills and indigenous take. The sustainability of current levels of indigenous take of dugongs in the Torres Strait, Gulf of Carpentaria and eastern Cape York is unknown. The Great Barrier Reef Ministerial Council has decided to develop cooperative management arrangements for dugongs with indigenous peoples.
Management approach
• The indigenous hunting of dugongs by Aboriginal and Torres Strait Islander people will be managed in a manner consistent with the Native Title Act 1993 (Cwlth).
• The Queensland Parks and Wildlife Service will co-operate with the Australian Fisheries Management Authority, Environment Australia and the Great Barrier Reef Marine Park Authority in statewide management arrangements to take account of Commonwealth jurisdictional interfaces and to minimise duplication of management.
• The Great Barrier Reef Ministerial Council agreed that indigenous hunting would not be permitted in the southern Great Barrier Reef region while dugong populations remained threatened.
• To help ensure that indigenous hunting of dugongs is ecologically sustainable, the Queensland Parks and Wildlife Service will continue to develop and formalise joint custodian arrangements with representative Aboriginal and Torres Strait Islander bodies as a focus for local area management, education and monitoring.
• Wherever practicable, joint custodian arrangements will be with persons or communities involved in formal native title processes, and the Queensland Parks and Wildlife Service will involve the bodies established under the Native Title Act 1993 in consultation and negotiation procedures on indigenous hunting.
• The attached conservation plan gives authority to the Queensland Parks and Wildlife Service to donate dead dugongs to local indigenous groups. The Queensland Parks and Wildlife Service will discontinue this practice in an area if any abuse occurs or there is a need to withhold dugongs for scientific study or autopsy. 
Dugong protection areas
Introduction
General provisions applying in dugong protection areas
A two-tiered system of Dugong Protection Areas (DPAs) was established following the advice provided by an expert committee to the Great Barrier Reef Ministerial Council. Zone A DPAs represent significant dugong habitat in the southern Great Barrier Reef and Hervey Bay where netting practices which potentially pose a significant threat to dugongs are not permitted. Zone B DPAs are subject to rigorous safeguards in relation to mesh netting practices, and will be kept under on-going review to ensure protection of dugongs in these areas.
Full details of the restrictions on fishing practices in the DPAs are given in the attached copy of the Fisheries Amendment Regulation (No. 11) 1997.
Maps of Dugong Protection Areas (see following pages) Zone A DPAs
Zone A DPAs have more stringent controls over netting practices. Foreshore set nets and offshore set and drift nets are prohibited in most Zone A DPAs.
Zone B DPAs
Mesh netting is permitted in Zone B DPAs, but with restrictions on the type, size and location of nets, and requirements for attendance at nets.
6 Other conservation measures
Stranding network
The stranding program for reporting and collating data on deaths of certain marine vertebrates, including dugongs, will be maintained and developed.
Future programs
The need for additional conservation measures to conserve dugong populations throughout their range in Queensland will be investigated further during the life of this recovery plan.
Education and information
Education and information will play an important role in the conservation of dugongs. Development of dugong education and information programs will be done within the framework of the Public Education Strategy for the Great Barrier Reef World Heritage Area (collaboratively with GBRMPA and QPWS regions and central office). In recent years 15 indigenous communities have been visited as part of the education program on dugongs run by the Great Barrier Reef Marine Park Authority in conjunction with the Queensland Parks and Wildlife Service.
Further consideration will be given to the issue of dugong watching to determine if permits should be issued to regulate commercial operators who undertake this activity.
Management approach
The key priorities for the production of education material within available resources include:
• co-ordinating the production of resources for varying recreational and commercial user groups aimed at increasing awareness and understanding of dugong conservation ( 
Research and monitoring
Research and monitoring directly relevant to the management of dugongs will be co-ordinated to:
• develop a better understanding of the population dynamics, movement patterns, behaviour and habitat use of dugongs; • investigate the distribution, range and abundance of dugongs; • assess the effects of human impacts on dugongs, including the effects of vessels on behaviours, the bio-accumulation of toxins and the effects of habitat loss; and • include appropriate involvement from residents of coastal indigenous communities and outstations relevant to the areas of sea-country being surveyed.
Management approach
A detailed research program for dugongs was developed in consultation with the Great Barrier Reef Marine Park Authority, other government agencies, scientists and stakeholders, and accepted by the Great Barrier Reef Ministerial Council on 17 May 1999. It will be subject to ongoing revision as new information is gained.
